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(54) Adjustable heat rejection system 

(57) A spacecraft (30) has a spacecraft body (32) 
and a heat radiator (56) attached to the spacecraft body 
(32). The heat radiator (56) is in thermal contact with the 
spacecraft body (32) and the heat radiator (56) moves 
from an initial position to a deployed position where heat 
is emitted therefrom. The predetermined deployed posi- 
tion is located at an angular position 8 as measured rel- 
ative to the initial position, wherein 6 ranges from 
approximately 135*" to less than ISO*". 
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Description 

BACKGROUND OF THE INVENTION 

Spacecraft use a variety of structures to expel or 5 
dump heat from the spacecraft into outer space. One 
such structure is generally known as a deployable radi- 
ator. Deployable radiators are initially stored adjacent 
and parallel to a side panel of the spacecraft and then 
are deployed to a fixed position by rotating the radiator 10 
with respect to a hinge axis. One example of a deploya- 
ble radiator is disclosed in U.S. Patent No. 5,117.901 
where the radiator is deployed by 90*» relative to an ini- 
tial position. Typically, the radiator is rotated by ISO*' to 
be perpendicular to the side panel and spacecraft. In its is 
deployed position, the radiator can unnecessarily Inter- 
fere with the transmission of an antenna located on the 
spacecraft. For example, spacecraft typically are 
located in an orbit where the Earth subtends an angle of 
approximately 1 8* with respect to the spacecraft, where 20 
the spacecraft Is the apex of the angle. This means that 
the antennae of the spacecraft must be positioned 
within this angle to receive or transmit information. 
When prior radiators are rotated to the 180° position, 
the radiators block an angle or field of view of approxl- 2s 
mately 24**, Thus, the extended radiators tend to block 
the 18° field of view and. thus, there will be interference 
with the radio transmissions received by and transmit- 
ted by the spacecraft antennae. 

30 

SUMMARY OF THE INVENTION 

The present Invention provides a deployable radia- 
tor for a spacecraft. In particular, the deployable radiator 
of the present invention is capable of reducing interfer- 35 
ence with the transmission of antenna located on the 
spacecraft. 

In particular, the present invention concerns a 
spacecraft having a spacecraft body and a heat radiator 
attached to the spacecraft body. The heat radiator is in 40 
thermal contact with the spacecraft body and the heat 
radiator moves from an initial position to a deployed 
position where heat is emitted therefrom. The predeter- 
mined deployed position is located at an angular posi- 
tion e as measured relative to the initial position, 45 
wherein 8 ranges from approximately 135** to less than 
180°. 

Another aspect of the present invention is a method 
of expelling heat generated on a spacecraft body of a 
spacecraft. The method entails the steps of placing a so 
heat radiator in thermal contact with the spacecraft body 
and moving the heat radiator from an initial position to a 
deployed position which Is located at an angular posi- 
tion e as measured relative to the initial position, 
wherein 8 ranges from approximately 135° to less than ss 
180°. The method also entails emitting heat from the 
heat radiator at the deployed position. 

The above-described deployable radiator of the 
present invention reduces the amount of interference 
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with the transmission of an antenna. 

The foregoing features and advantages of the 
present invention will be further understood upon con- 
sideration of the following detailed description of the 
invention taken in conjunction with the accompanying 
drawings. In which: 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a spacecraft capable of utilizing a 
movable heat radiator of the present invention; 
FIG. 2 showvs the heat radiator in a retracted or 
stowed configuration for the spacecraft of FIG. 1 ; 
FIG. 3 shows an enlarged view of the heat radiator 
In a retracted or stowed configuration for the space- 
craft of FIG. 1; 

FIG. 4 shows a partially cut away view of the heat 
radiator in a deployed configuration for the space- 
craft of FIG. 1: 

FIG. 5 shOMfS a top view of the heat radiator of FIG. 
1: 

FIG. 6 shows a cross-sectional view of the heat 
radiator of FIG. 1 ; 

FIG. 7 schematically shows a hinge to be used with 

the movable heat radiator of FIG. 6; 

FIG. 8 schematically shows a closed loop heat pipe 

network to be used with the spacecraft of FIG. 1 ; 

FIG. 9 shows the bellows structure of a flex coil 

used with the heat pipe network of FIG. 8; 

FIG. 10 shows an embodiment of a flex coil to be 

used with the closed loop heat pipe network of FIG. 

8 when in a stowed configuration; 

FIG. 11 showsaside view of the flex coll of FIG. 10; 

FIG. 12 shows the flex coil of FIG. 10 when in a 

deployed position; 

FIG. 13 shows a side view of the flex coil of FIG. 12; 
FIG. 14 shows a second embodiment of a flex coll 
to be used with the closed loop heat pipe network of 
FIG. 8 when in a stowed configuration; 
FIG. 15 shows a side view of the flex coil of FIG. 14; 
FIG. 16 shows an isometric view of the flex coil of 
FIG. 14; 

FIG. 17 shows the flex coil of FIG. 14 when in a 
deployed position; 

FIG. 1 8 shows a side view of the flex coil of FIG. 1 7; 
FIG. 19 shows an embodiment of a spring mecha- 
nism capable of being utilized with the movable 
radiator of the present invention; and 
FIG. 20 shows another embodiment of a spring 
mechanism capable of being utilized with the mov- 
able radiator of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

A spacecraft or satellite 30 capable of utilizing the 
deployable radiator of the present invention is shown in 
FIGS. 1-2. Satellite 30 has a spacecraft body 32 which 
includes a lower bus module 34 and an upper payload 
module 36. Attached to the aft end of the lower bus 
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mcxiule 34 are a plurality of engines. These engines 
include a centrally positioned liquid orbital thruster (not 
shown) and four chemical propulsion engines 38 
located at the corners of the bus module 34 and two 
pairs of xenon ion propulsion engines 40. Lower bus 
module 34 contains propellant tanks (not shown) and 
various power and control electronics which operate the 
engines and power the payload module 36. Bus module 
34 further includes a pair of solar panels 42 which con- 
vert sunlight into electricity that is sent to batteries (not 
shown) located on the bus module 34. Bus module 34 
and payload module 36 also support one or more 
receivers, such as antennae 44 and reflectors 46. which 
can be used to receive control signals from a ground 
station, and also send signals to the ground station. 

Payload module 36 is attached to the bus module 
34 and contains a variety of electronic equipment which 
may include additional communication antennae (not 
shown). The electronic equipment processes informa- 
tion gathered by the antennae 34 and reflectors 36. and 
sends the processed information back to the ground 
station via antennae 34 and/or reflectors 36. 

Payload module 36 has four side panels 48 which 
meet at four corners. As shown in FIGS. 3 and 4. two or 
more of the side panels 48 may be fixed heat radiators 
50 that have one or more heat pipes 52 in thermal com- 
munication with the fixed radiator 50. The operation of 
heat pipes 52 will be explained in detail below. At each 
corner of the side panels 48 are a pair of connectors 54 
which are hingedly attached to a deployable heat radia- 
tor 56 via a pivot member 58. As shown in FIG. 5. pivot 
member 58 may include a pair of pins or rods 60 extend- 
ing from each end of the deployable heat radiator 56. In 
this case, each connector 54 preferably has an opening 
to receive and engage one of the pins or rods 60. The 
deployable heat radiator 56 is then able to rotate about 
an axis. A, aligned with the longitudinal axis of the pins 
or rods 60, as shown in FIG. 6. 

In another embodiment shown in FIG. 7, the pivot 
member 58 may be one or more hinges 62 which are 
attached to the deployable heat radiator 56 and the out- 
board side of side panel 48 in a well known manner, 
such as rivets 64. Like the embodiment with pins 60. the 
deployable heat radiator 56 is able to rotate about an 
axis. A. defined by the hinge 62. 

As shown in FIG. 5. each deployable heat radiator 
56 is generally rectangular in shape with a pair of trun- 
cated corners 66 and a notch 68. Deployable heat radi- 
ator 56 preferably has a length of approximately 84". a 
width of approximately 37" and a thickness of approxi- 
mately r. The deployable heat radiator 56 is con- 
structed by using a rectangular honeycomb structure 
made from aluminum or kevlar and having dimensions 
corresponding to that of the deployable heat radiator 56. 
Such a honeycomb structure is available from various 
sources, such as the Excel, Unicel or Plascore compa- 
nies. The honeycomb structure then has a pair of rec- 
tangular aluminum sheets which are attached to each 
side of the honeycomb structure via a room temperature 



vulcanized rubber or by well known film adhesive, such 
as those film adhesives known by the names of FM 300 
or BASF 1 146. In the case of attachment via vulcanized 
rubber, the rut^ber is preferably loaded with an iron filler 

5 thereby increasing the thermal conductivity of the rub- 
ber. Furthermore, the exterior of the deployable heat 
radiator 56 may be further blanketed with KAPTON™, 
which is a neutral layer that limits the radiation of heat 
on both sides of the radiator. For increased radiative 

w capability, glass mirrors (not shown) are bonded on top 
of the aluminum substrate. It is understood that other 
materials for the honeycomb structure which have simi- 
lar structural and thermophysical properties as alumi- 
num or kevlar could be substituted without straying from 

75 the scope of the present invention. The truncated cor- 
ners 66 and notch 68 are shaped so that any latches or 
launch locks (not shown) used on the solar panels 42 
can be accommodated when the satellite 30 is in the 
stowed configuration, as shown in FIGS. 2 and 3. 

20 As shown in FIG. 3, one or more latches or launch 
locks 70 attached to the payload module 36 retain the 
deployable heat radiators 56 in a stowed or initial posi- 
tion adjacent to and parallel to a side panel 48 of the 
payload module 36 during launch of the satellite 30. An 

25 example of launch lock 70 and its attachment to the 
deployable heat radiator 56 is a well known bolt cutter- 
type mechanism. The solar panels 42 are folded also so 
as to cover the deployable heat radiators 56. In an 
embodiment not shown, the initial position of the 

30 deployable heat radiators 56 may lie within the space- 
craft body 32 itself to provide additional protection for 
the deployable heat radiator 56. 

After the satellite 30 is launched, it leaves the 
launch vehicle (not shown). At this stage of the mission. 

35 the satellite 30 will propel itself along a transfer orbit to 
a position in space where it can enter a desired geosyn- 
chronous orbit. However, prior to entering the transfer 
orbit, antennae 44 and reflectors 46 receive a command 
signal from the ground station. A signal is sent to the 

40 solar panels 42 which causes them to unfold to the con- 
figuration shown in FIG. 1. The solar panels 42 are 
deployed to power the xenon thrusters 40 that propel 
the satellite 30 along the transfer orbit. As shown in 
FIGS. 2 and 3, launch locks 70 retain each deployable 

45 heat radiator 56 in its stowed configuration while the 
satellite 30 nrK>ves in the transfer orbit. The extreme 
tenperatures encountered during the transfer orbit 
reduce the need to reject heat from the satellite 30. 
Since the deployable heat radiators 56 are not needed 

50 to perform their main function of expelling heat, they 
preferably each cover a fixed heat radiator 50 to insulate 
the satellite 30 from the extreme cold space tempera- 
ture. The KAPTON™ blanket on the exterior of the 
deployable heat radiators 56 adds an additional layer of 

55 insulation to protect the fixed radiators 50. 

After the transfer orbit is achieved, a second signal 
is sent either automatically or via ground command sig- 
nal to the launch locks 70 when heat rejection from 
within the satellite 30 is necessary, causing the launch 
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locks 70 to disengage from the deployable heat radia- 
tors 56. In one embodiment, the launch locks 70 are 
opened by detonating explosive charges in the locks 70. 
Disengagement from the launching locks 70 results in 
the deployable heat radiators 56 moving from their initial 
stowed position to a deployed position, as shown in 
FIGS. 6 and 7, where heat is emitted from the deploya- 
ble heat radiators 56. 

In the deployed position, a closed network of heat 
pipes 52 and 72 transfer heat from the satellite 30 to the 
fixed and deployable heat radiators, respectively. FIGS. 
1 and 8 show one possible embodiment for a heat pipe 
network. In particular, each deployable heat radiator 56 
is in thermal contact with the payload module 36 via a 
pair of looped heat pipes, portions of which are shown 
at reference numeral 72. Each looped heat pipe 72 orig- 
inates in the interior of satellite 30 and extends to the 
exterior of deployable heat radiator 56 where it then 
returns back into the satellite 30 to where it originated 
so as to form a closed loop as shown in FIG. 8. The heat 
pipe 72 contains a fluid, such as liquid ammonia, and 
uses a capillary effect to transport hot vapor generated 
by the bus module 34 and payload module 36 to the 
deployable heat radiator 56. Heat pipe 72 transports 
vapor along its length, through a flex coil 74. to the 
deployable heat radiator 56 where heat is expelled from 
the spacecraft 30. Release of the heat results in the 
vapor cooling and entering the condensation chamber 
76 where it condenses into a liquid. The condensed liq- 
uid is returned through a second flex coil 78 to the sat- 
ellite 30 via capillary forces. The liquid then receives 
heat from one or more heat sources 80 on the space- 
craft 30 and is vaporized in ev£q3orator 82 where then 
the above-described process is repeated. The above 
process occurs, with the exception of flex coils 74, 78, in 
a similar manner for the feed heat radiators 50. 

Heat pipe 72 preferably is bonded to the outer sur- 
face of the deployable heat radiator 56 by a film adhe- 
sive, such as BASF 1 146. Thus, the heat is conductively 
transmitted to the deployable heat radiator 56 which 
then transmits the heat into outer space. An example of 
a possible composition for a heat pipe 72 in general is 
disclosed in U.S. Patent No. 4,515,209, whose contents 
are incorporated herein by reference. 

Flex coils 74. 78 are fastened on one end to a fixed 
heat radiator panel 50 and on the other end to a deploy- 
able heat radiator 56. As shown in FIG. 9. each flex coil 
74. 78 has a flexible stainless steel outer sheath 84 and 
a corrugated bellows tube 86 within the sheath 84, such 
bellows tubes 86 being well-known in the art. The bel- 
lows tube 86 will also be made of a flexible metal mate- 
rial. 

In the slowed configuration of FIGS. 10 and 1 1 , flex 
coils 74, 78 are located substantially between the fixed 
radiator 50 and the deployable heat radiator 56. Further- 
more, the individual flex coils 74, 78 are concentric with 
each other. 

FIGS. 12 and 13 illustrate the position of flex coils 
74, 78 relative to the hinge axis A, after the deployable 
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heat radiators 56 move to the deployed position. The 
flex coils 74, 78 are pivoted on the fixed heat radiator 
panels 50, and stretch and sweep in an arcuate fashion 
during deployment. The flex coils 74. 78 complete their 

5 arcuate sweep in substantially the same plane on which 
the flex coils 74, 78 rested while in the stowed position. 
The flex coils 74. 78 accordingly, do not twist or bend. 
This prevents the flex coils 74, 78 from overstressing or 
collapsing on themselves, and ultimately interfering with 

10 the heat rejection process. After the deployable heat 
radiators 56 are deployed, the coils 74, 78 are no longer 
concentric and only a portion of the flex coils 74, 78 are 
aligned with the hinge axis A. In the preferred embodi- 
ment, flex coils 74, 78 are positioned such that they will 

75 not make contact with a pivot member 58 whether a 
deployable heat radiator 56 is in the stowed or deployed 
positions. 

Another possible embodiment for flex coils 74, 78 is 
shown in FIGS. 14-18. Instead of the circular coiled 

20 shape of FIGS. 10-13, flex coils 74. 78 each are made 
of a flexible material, such as aluminum, and have a ser- 
pentine shape to transport the vapor to the deployable 
heat radiator 56 and return the condensed liquid from 
the deployable heat radiator 56 to the evaporator 82 

25 located on the satellite 30. As with the coiled embodi- 
ment of FIGS. 10-13. flex coils 74. 78 are fastened on 
one end to the fixed radiator panel 50 and on the other 
end to the deployable heat radiator 56. Note that the 
serpentine sections each have a shape which is very 

30 similar to the shape of the cooling coils of a refrigerator. 
FIG. 14 is an illustration of the positioning of a ser- 
pentine flex coil 74, 78 relative to hinge axis A when 
deployable heat radiator 56 is in a stowed position FIG. 
14 illustrates that the flex coils 74. 78 can be in front of. 

35 aligned with or in back of the axis of rotation A. The ser- 
pentine flex coil 74, 78 forms an arc between the fixed 
radiator panel 50 and the deployable heat radiator 56. In 
addition, flex coils 74, 78 are each folded over itself 
which tends to compress its loops. FIG. 15 is a side 

40 view of the serpentine flex coils 74, 78 in the stowed 
position. FIG. 16 also shows the U-shaped curves that 
make-up the serpentine flex coils 74, 78. 

FIG. 16 illustrates the path of a flex coil 74. 78 rela- 
tive to a hinge axis A, where portions of the serpentine 

45 flex coils 74. 78 are shown passing through the hinge 
axis A and unfolding as the deployable heat radiator 56 
deploys. If the deployable heat radiator 56 is fully 
deployed, the serpentine flex coil 74, 78 will lie in sub- 
stantially the same plane as the deployable heat radia- 

50 tor 56. This prevents the flex coil 74. 78 from 
overstressing. twisting or collapsing on itself, and ulti- 
mately from interfering with the heat rejection process. 
As with their coiled counterparts of FIGS. 10-13, the 
serpentine flex coils 74, 78 are positioned such that they 

55 will not make contact with a pivot member 58. notwith- 
standing that a deployable heat radiator 56 is in the 
stowed or deployed position. FIG. 17 is a top of view of 
the serpentine flex coil 74, 78 of FIG. 15 in the deployed 
position. FIG. 17 is an isometric view of a serpentine 
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flex coll 74. 78 In the folded or stowed position, relative 
to an axis of rotation A for a deployable heat radiator 56. 

For both embodiments of the flex coils 74. 78 
described above with respect to FIGS. 10-18, once the 
launch locks 70 are opened, the flex coils 74, 78 will 
decompress and assist in the deployment of the deploy- 
able heat radiator 56 a first predetermined position to a 
second predetermined position with respect to the sat- 
ellite 30. 

Besides flex coils 74. 78, the deployable heat radia- 
tor 56 is rotated by a biasing mechanism. As mentioned 
previously, deployable heat radiator 56 is attached to 
the connectors 54 by a pivot member 58 which can 
include either pin 60 or hinge 62. In both embodiments, 
a spring mechanism, such as spring 88. can be 
employed which is attached to side panel 48 and 
deployable heat radiator 56 as shown in FIG. 7. The 
spring 88 is prestressed to bias the deployable heat 
radiator 56 to rotate about an axis of rotation A by a pre- 
determined angular amount 6 so that the heat radiator 
56 moves from the initial position to the deployed posi- 
tion when the launch locks 70 are disengaged from the 
deployable heat radiator 56 as shown in FIG. 6. The 
spring mechanism preferably includes a well known 
damping mechanism attached to side panel 48 and 
deployable heat radiator 56 that wilt counteract the 
spring bias so that the radiator will move to the predeter- 
mined angle 6 without overshooting or oscillating about 
0. 

Two possible enrt>odiments for the spring mecha- 
nism are shown In FIGS. 19 and 20. In FIG. 19, there Is 
shown a spring actuator 90 and a damper 92 located on 
either side of notch 68. Spring actuator 90 and damper 
92 are attached to side panel 48 and deployable heat 
radiator 56 via a bracket 94. The spring actuator 90 
includes an axle which allows pivoting motion of deploy- 
able heat radiator 56 about the axle. Spring actuator 90 
also includes a spring that is prestressed and attached 
to the deployable heat radiator 56 so as to move it 
towards the predetermined position 6. Damper 92 coun- 
teracts the spring actuator 90 so that the deployable 
heat radiator 56 rotates to the desired angle 6 without 
overshooting or oscillating about 6. Damper 92 contains 
a fluid with a rotating wheel immersed therein. The 
rotating wheel's axle allows for pivoting of the deploya- 
ble heat radiator 56. Furthermore, the fluid is chosen so 
it can withstand the rigors of space and provide suffi- 
cient damping of the wheel so that the deployable heat 
radiator 56 moves to the predetermined position. 

Another possible embodiment for the spring mech- 
anism is shown in FIG. 20. FIG. 20 shows that the 
spring actuator and damper can be combined into a sin- 
gle mechanism 96 which is attached to a bracket 98 that 
is connected to both the side wall 48 and deployable 
heat radiator 56. Mechanism 96 has an axle which 
allows the deployable heat radiator 56 to pivot therea- 
bout. As before, mechanism 96 includes a spring which 
moves the deployable heat radiator 56 towards the pre- 
determined position. Mechanism 96 further Includes a 



damper to slow the inertia of the deployable heat radia- 
tor 56 caused by the spring so that the deployable heat 
radiator 56 rests at the predetermined position without 
overshooting or oscillating about the predetermined 

5 position. When either of the emt>odiments of the flex 
coils 74. 78 are used in combination with spring 78, 
spring actuator 90 or mechanism 96 they together make 
up the spring mechanism so as to bias the deployable 
heat radiator 56 to the deployed position by an angular 

10 amount 6 relative to the initial position. 6 will typically 
range from approximately 135° to less than 180**. 

As mentioned previously, prior fixed heat radiators 
are unfolded by 6=1 aO"" to the deployed position so that 
they subtend a field of view corresponding to an angle 

15 of approximately 24** (12** half angle). Since this angle is 
greater than the 18'' angle needed for transmission by 
the antennae, interference will result. To overcome this 
deficiency the predetermined deployed position can be 
chosen such that the amount that the deployable heat 

20 radiator 56 blocks transmissions from the antennae 44 
is reduced by as much as approximately 40% when 
compared with prior radiator geometries, where the 
radiator is deployed to an angle 6=180° as measured 
relative to its initial position when folded parallel to the 

25 spacecraft body By deploying the radiator 56 by an 
angular amount 8 ranging from 135° to less than 180°, 
the present invention reduces the field of view blocked 
by the radiators 56 to approximately 14° (6=135°). a 
reduction of almost 42%. Thus, the interference is 

30 reduced and since the field of view is less than 18''. it is 
possible to reposition the antennae so that they can 
receive angles within the 6° of angle that is unblocked 
by the radiators 56. 

Many times antennae interference will be caused 

35 by the independent movement of the solar panels 42 
and antennae 44. For example, the deployable heat 
radiator 56 may be at an initial position where interfer- 
ence is minimized, but a movement of the solar panels 
42 and antennae 44 will upset this balance so that inter- 

40 ference will increase. In this case, the pivot member 58 
can be coupled to a motor 100 (located within either 
module 32 or 34 and denoted by dashed tines) so the 
motor 100 rotates the deployable heat radiator 56 by an 
angular amount 6 from the Initial position to a second 

45 position so that interference is reduced or minimized. 
Constructing a motor 100 to rotate an object is. in gen- 
eral, well within the capability of one of ordinary skill In 
the art. Motor 100 receives a command signal from on 
board or from the ground via antennae 44 and reflectors 

so 46 which directs the motor 100 to rotate the deployable 
heat radiator 56 by 6 to reduce or minimize interference. 

Summarizing, the present invention regards a 
deployable heat radiator in which the position of the 
deployable heat radiator can be controlled to such an 

55 extent that interference with antennae transmissions is 
reduced. 

the foregoing description is provided to illustrate 
the invention, and is not to be construed as a limitation. 
Numerous additions, substitutions and other changes 
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can be made to the invention without departing from its 
scope as set forth in the appended claims. For example, 
one or more sections of the heat pipe network is 
shielded from deleterious elements in outer space such 
as micrometeorites. 

Claims 

1 . A spacecraft comprising: 
a spacecraft body (32): 

a heat radiator (56) attached to said spacecraft 
body (32) and in thermal contact with said 
spacecraft body (32). wherein said heat radia- 
tor (56) moves from an initial position to a pre- 
determined deployed position where heat is 
emitted therefrom; 

said predetermined deployed position is 
located at an angular position e as measured 
relative to said initial position, wherein e ranges 
from approximately 135* to less than 180**. 
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danping the nfiovement of said radiator (56) so 
that said radiator (56) does not overshoot or 
oscillate about said predetermined deployed 
position. 

10. The method of any of claims 6 through 9. char- 
acterized in that said movement of said heat radia- 
tor (56) is in response to a command signal. 



2. The spacecraft of claim 1 . characterized in that it 
comprises a pivot member (58) for attaching said 
heat radiator (56) to said spacecraft body (32) and 25 
pivoting said heat radiator (56) about an axis of 
rotation (A) to said predetermined deployed posi- 
tion. 



3. The spacecraft of daim 2. characterized in that 30 
said pivot member (58) comprises a spring mecha- 
nism (88. 90. 96) for biasing said heat radiator (56) 
to move from said initial position to said deployed 
position; and 

said spacecraft (30) further comprises a 35 
damper (92) to damp the movement of said radiator 
(56) in response to said spring mechanism (88. 90, 
96) so that said radiator (56) does not overshoot or 
oscillate akx>ut said predetermined deployed posi- 
tion. ^ 

7. The method of claim 6. characterized in that said 
moving step comprises pivoting said heat radiator 
(56) about an axis of rotation (A) by an amount e so 
that said heat radiator (56) moves from said initial 45 
position to said deployed position. 

8. The method of claim 6 or 7, characterized in that 
an antenna (44) is attached to said spacecraft body 
(32); and so 

said deployed position corresponds to the 
position where the amount that said heat radiator 
(56) blocks transmissions from said antenna (44) Is 
reduced by approximately 40 % in comparison with 
said heat radiator (56) being located at a deployed 5S 
position of approximately 6 = 180". 



9. The method of any of claims 6 through 8, charac- 
terized by the step of: 
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